Plasmonic enhancement of optical near-fields at nanostructures provides for localization of the energy of light on the nanoscale. This phenomenon allowed pioneering applications in spectroscopy, photovoltaics and sensorics. It remains a challenge to measure the extent of the maximum achievable nanoplasmonic field enhancement for a particular sample. Even though near-field probing methods such as scanning near-field optical microscopy (SNOM) can reach a resolution down to 8-10 nm, probing nearfields on ~1 nm scale needs a different approach. Here, we demonstrate a method for nanoplasmonic near-field measurement with the help of photoemitted electrons induced by femtosecond laser pulses.
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We experimentally demonstrated the viability of the method with different model systems involving localized plasmons on nanoparticles and propagating surface plasmons on thin films with controlled surface roughness. As a first step, propagating or localized plasmons are generated with ultrashort laser pulses. Subsequently, plasmonic near fields induce photoemission of electrons into vacuum surrounding the sample. Photoelectron spectra are then measured with a time-of-flight spectrometer [1] [2] [3] , see also Fig.  1 (a) . Since it is known that the highest photoelectron energies result from nanometric rescattering of the electrons from the metal surface, nanoscale near-fields can be measured by analyzing the cutoffs (highest electron energies) of the electron spectra (Fig. 1) . This way, we experimentally measured field enhancement values between 21 and 51 for 4 different samples (supporting localized and/or propagating plasmons) within <1 nm distance from the plasmonic surface, in very good agreement with accurate finite-difference time-domain (FDTD) simulation results of the given nanoplasmonic system. The demonstrated method, combined with more sophisticated electron imaging techniques can be extended for full characterization of nanoplasmonic near-fields promising nanometer lateral resolution. These results establish ultrafast plasmonic photoelectrons as versatile probes for nanoplasmonic near-fields enabling time-resolved studies, as well.
